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Al)drx!cl

Ihc sx-ond  dmpspacc advanmd tccllnolop,y
validation nlission in NASA’s Ncw hfil]cnnium
l’log,ram wil I ckmonstratc  planetary micmprobc
Icchnologies.  ‘1’wo  ]nicroprobcs,  each cotlsislit]g
of a very low-mass ac.roshc]l and pcnctratw
systc.m,  arc. Idanne.d to launch i) Janual y 1999
and arrive at Mats in 1kccnlbcr~1999. 3’IK 3 kg
probes bal list i call y enter the marlian  atmosphere.
at := 7 kmJs find passively orient thclnsclvcs to
olcct pc.ak lma(i ng and  impac t  rcquircmcnls.
LJpon impacting the ]nartiau surface at a velocity
around 200 nlfs, the probes will punch through
[Im entry acroshclt and separate into a fole and
aftbocty Systcln. The forebody wil I reach a dc.pth
of ().3 io 2 ]netcrs, while (hc aftbody will remain
on the. surface. for c.c~lllllltll~icati(~l]s.

l}ach pcnctlator  system inc]udcs a suite of high]y
n~iniaturi7,cd components necde4i for future mitt (E
networks: Primary batteries, power electronics,
control and data hanclling ]Ilicloclc.  ctrc)tlics,
tclcc{)]]ltllLl]licatiolls  equipment, an antenna, and a
scicncc payload package. I’his  paper will
sumnlari7,c  tlw cnginccrins techniques that will
bc implcrncntc.d  to psovictc safe landing and
opcrat ion of the, Mars microprobe i [) its unique
cIlvironment. I’he paper will also sumn}ari7.c
s(mm kcy mission and systcm ctcsign trades, as
wctl as discuss some of the technologies being
CIC.WIO[  Kxi

l!ltr&dW!io!l

The Mars Microprobe l’lojcct objectives am
clcrived fmn the Ncw Millennium Ihop,rtm’s

science. programs to achicvc  exciting and flcqucnt
lnissions in the 21 st Gmtury through:

●

●

●

●

1<c41uccd CtCvclopmclll c o s t s
through the. use. of validated
Icc}]]lolocics and cIJlancc41
processes
J<c4iuccd launch costs tht ough
Iowcrins  spacecraft mass and
payload
Rcducx’d opciations costs
through gr-cate] sJ)accclaft
autonollly
linllanced  scientific ca~labi]ity
Ilwoof,h  the above.<)

11] (.akthrougt  I technologies arc sc.tcckd from lhc
existing technology “pipeline” - Consisting of
on~oi  IIg tcchno]ogy programs of NASA, othct
p,ovcrnmcnt agcncic.s, industry, nonprofit
(wp,aniz,ations, and academia - and alc dcvclo])c41 in
Jmr Inc.lship  with these organ i7,ations.

11’igurc 1: NM1’ goal diagram, /
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‘1 ‘hcse.  critical tcchnolosics  will be validated so
t}]at fLlhll”C scicncc  missions can tatm advanlacc of
them withoul  assurninl<  the r isks  inherent  ill
their first use. NMI’ tc.cl]nology validafim~
flights, (CI bc launckt during fiscal years 1998-
2?(KN,  will also provide opportunities to c.aplutc
meaningful science data. ‘l’his NM}’ goal
struct urc is rcprescrrted  by 1 ;igurc 1.

ITI addition to developing and validating kcy
enabling technologies, the NMI) will pioneer
ncw ways of partnering with industry, nonprofit
organ  i7,a(ions, and academic institutions.
liirlhcr,  thcdcvelopnmt andill~plc]]lc]]tatior~  of
ttlc NMI’’sirlnovativc  rll:ir~agc]l]er~tI Jracticcs  will
:~(lval]cc thccIj]llIJctitivc edge for NASA and othcx
high-tcchno]ogy  organi7.iltions.

InparlicLl]ar, thcsr~ccific  objectives forthc Mals
M icroprobc  Mission am:

● IJcmonstrate  kcy technologies wllicl)
enable  future network scicncc  missiotls,

e IJcnmlstralc  a  p a s s i v e  atlmsphcric
cnt[y and landing systcnl,

● I)cmonstrate highly intcgrakxt
I]licroc.lcclror]ics”  which can wilhsland
both low’ ternpcrat urcs a n d  hi~,h
dccc.lmit ions,

● IJcl]]c>llstlatciI1-sitll,  Subsulfmc, sc.ic.ncc.
data acquisition and analysis, and

● ]’mvidc an opportunity 10 Collect
nlcanirlgfL]l science.data,

‘1’o demons t r a t e  objcctivcs, the hlicxoprobc
]’mjcct  will develop two probes fol dc.ployn]cnt
at Mars. Upon arlival at the planet, the probes
will acquirc  cltginccringd ataduringc  ntry,opcratc
lhc probe. payload, and relay engine.cring and
scicnccdata  toan  orbitin~spacecraft  aftc.r impact,

Ihre to the unique natulc of this mission, the
Microplobc I’J-ojcct  issL]tject to various cxtc.nlal
]nission cons(laints  as dcscribcd  below:

● ‘1’wo p r o b e s  will bc rnoLlr~tcd o n  t h e .
1,andc.r  stack in a balanced configuration,

● ‘I”hcrc  will bc no electrical interfaces
bclwc.cm the.probes and the lander  flight
systcrn, and

● ~’hc probes will not require spin

stabili7.atior)  upon rckasc.

Second, the Microprobe Project is currently in
ncgotia(ions  with the Mars Global Surveyor
I’roje.ct tordaydatafrorn  the probcsto  car(h via
the Mars Global Surveyor (MCiS) Spacecraft.
hfGS, which launches for Mars in Novcn~bcr,.-
1996, includes a h4ars Relay (Ml<)
c<)ll]ll]illlic:tti{)ll  systcm which is also being USC41

as a  backup systcrn to relay the, 1998 MaI-s
Iande.r  spacecraft data if necessary. ‘1’tlLIS  tile
probes mLlst bcdesigncd to be bott] compatib]c
w i t h  uniqL]c M}< Corllr]ll][licatic)rl  fcatLires, :iIK[

rm-intct  fcrio~ with 1998 h4ars lander data
rt>lul-n.

Dlission  ..ovcryiew

‘1’IIc  ]Ilictoprobcs will bc attact]cd  on the 1998
Mars SUI vcyor 1 andcr spacecraft which is to bc
launche41  on a McI>onne.11 IMuglas MM-1 ,itc
(]lc]ta ][~d25corlfiguratior]). ~’hc~odaylaL]nch
wirl(lov~tJ cgirlsJarlLlaryq,  ]999. The piggy back /’

collfigura(ion  dllrir]g ttlccl  Llisc&<;l]owrll in
l;igLlrc  2: Ilaskc(ball  si7cd microprobcs  arc
n]ounkxlon  lt]ccrl]ise.  stfi~c(llrl{lcr  tllc solar
Jmnc.ls)ofthc  ~998Mars SL]rvcyor],andc.r ,)

s]]acc,cr:if( <cl’hc.two n~icroprobcs  arcnmLlntcd /

t Im crL]isc stage, located under the cr uisc solar
I)anc]s.

I’tle.rc  arcnoetectrica]  intcrfaccsw iththe.l, andcr
ot cruiscstagc,  and thus thcrcis  no
c{)rl]]llllr}icatior]  with thcprobm  from installation
ollthcpad until data rclayaftc.r  impact.

l;irst, the probes arc a piggy-back payload
onboard the 1 9 9 8  M a r s  Su]vcyor  I.andcl
spacecraft in January 1999. ‘lo rnini]nim the
impact on the 1998 Mars Imdm, the followin~
agrmrncnts  have bcm rnadc:



1998 Mars Surveyor 1 arlckr ,,

11’i~IItc 2 :  Ilaskethall siycd nlicrol)rol)cs
arc IIl{}ulltcd on (Ilc cruiw sta~c  (ul)dcr
[11(’  Solal p a n e l s )  o f  [11(’ 199X  Nl:lrs

Slln’(’y(ll’  IAII(IC1 Spncccl’ilft.

Kllll’), 1 ) {  ’s(’(’11( +111(1 Illlpact (1;1)1 )

/ ’/,. )
/
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:intcnrmj  a ]Iw.kom]ogical lMessurc sensor.
aftbod~A will weigh less than 105o g, and its
tmnpcratum will range from +0 to -78° C ovcI
onc matlian day. An overview of the. po t

Pi]npact l)lol)c cor)figt][-alic)~l isgivcn  in I:iSuiq  3.
/ )

\

Ihc ]llullil)lc  trarlsl]lissic)rls  back toe.arltl
CI’tlc prohc w i l l  a l s o  co]le.cl tcftlImraturc  arKI
prcssur-c mcasL]rclncnts every hour fo~ ttm entire
p]ilnary mission phasc$ which is the first two
Sols. Collcclion of tllcsc Incawi[cnv.mts wi l l
continue through a tentative sccondmy mission
~)llasc wtlict~~}illc  ontir]t]cl ]lltiltt~cI)rot~c.  battery
is depleted (approximately 12 additional days),
‘1’lm a f t b o d y  prcssL]rc  sc.nsor w i l l  proviclc
]llctcoro]ogical data. ‘Iwo temperature sensors
Inountc.d at opposite ends of the fbrcbody  will
p~ovidc  botb soil conductance information and
engi nc.cring  stalLls.

J,,(. *-

l)ata transmissions to tllc orbiting spacmraftaw
J]lar~llcd totake.I llac~til  il]lcsdllrillgtlJe  first two
sols,, and once a Week thcrcaftcr. lkrch U]]];
transmission session rilays approximately (A
K bytes of data at an approximate. 7 Kbit\s rate.

( ‘II1 ,

Upon impact, thcclcmlcration forccof  the probe
/ will dc})lcry  a ~Jllt; antenna anti radialivc fins cm

tllc af(bocty. Soil will also fall into the rear of
t h e  fo]-ctmdy  and bc captured i n  a  co]lc.ctio[l
chanlbc.r-.  A chcclmut pmccdurc  w i l l  t h e n  bc
[Jcrforlncd  for verification of probe hcaltb.

‘1’0 minimim  peak power rcquircmcnts,  the
sanipl ing/water  cicte.ction cxpcrimcnt  will k
llcrfol  lllcdw’ittlir130111  irlutcs  after impact, while
the forcbody  is still warm from atnmsphcric
entry. l’his cxpcrimcnt  i s  ctcsigncd to
charactcri7-c sttbsurfa’cc  s o i l  com~mition b y
measuring the tcmj)cl-ature at whicl] water is
rclcascci. q’hisis accomJ>]ishccib yslow]yl]&alin~,
a 100 mg soil saalplcin 10° C incrcrncnts,  and
nlcasLwing; water vapor corknt  usiig a h’unab]c
IJiodc  l,ase.r (“I’1) 1.). IIata collected will k

‘I’tle. spacemaft  battcricsa  rcdcsigncxt  to o}rcratc at
lc.ast 50’ hours and, as a goal, up to.2  weeks in
Il)& e.xtrclllc martian ti]crl[)ale[lvironrllcllt,  I’his
assun)cs a 2 W peak power for the onc time 20



nlinutc cxrmlion  of the salllf>litl~,ll!’:ttcr rfctcction
cxpcrilncn(,  a 0.5 W peak powm for each data ~

!. dmvnlink,  and a 1 to 2 mW qLlicscc.r~t power fol
nrsmopcraling, modes.

T h e  N M I ’  organizaticm  includes lntcglated
l’mluct  I)cvclopmcnt Team (11’1 YI’s)  which arc
comprised of technology cxpcm  from industry,
academia, NASA and other Sovcrnmcnt  ccntcrs.
‘1’f]c  six NM}’ 11’1~’l’s  at-c Iistcd he.low:

● Ao[onomy
● Micl-oclcc(mnic. SystcIIm
● irlslr LlmLW  ‘t’cchlmlogics ad Archik.cturcs
● 10 situ Instrumcnis and Microclec[rorncc} )anical

SySUHIIS  (h41iMS)

● C:oll)l))otlicatioIl”  Syslcms
● h40riular  iir)[l  MLlltifLlr)ctiO1):tl  SYStcn~S

1 ~ach 11’1 N’ Ilas established a “road map”, m
p h a s e d  te.chno]ogy clcvdolnncnt plan, wtlic.11
defines tlIc. current slate of the tcchnrrlogy, the
technological p,oals for the 2 I st cerllLlry,  and
]nileslonm 10 achicvc those technological goiils.

l’or  cacl~ N M ] ’  dcmorls(mtion f l ight ,  11’1)1’s
I ccxmmcnd  s]mific  techrm]ogics for flight
valickition, 1 lath tcel Inolc)gy  is then given a
value for its lcmg-term impact on scicrrcc return
and cost, llm cfcgwc to which it is rcvohrticmary
in nature., and the risk reduction offered by flight
I’alidation. l’hc Program Ofl_rcc, with inputs
from tlm ];light I’cam, Scie.ncc Working GroL]p
(SWG) and Scicncc Adviscmy I’cam (SAT), then
considers the total v a l u e  of cliffcrcnt
cotnbinations o f  pmposcd [cchnologies  alrmF,
with the scicncc value for that flight.

l’](}~,r:illll]l:ttic an{i f i s c a l  i s s u e s  a r c  a l s o
considered by the 1’1 ograln ofl;cc before  a flight
technology set is remmn~cndc41  to N A S A
I Ieadquar-ms for approval. An overview of tile
NM}’ technology selection  process is given iu
1 ‘igurc 6.

RISK REDUCTION

BREAKTHROUCiH  S

l~igurc 6: l’cclIIIology sclcc(ion
proccsscs.

Afkx a technology is sclectcd for fl i~hl, three
“Fates” arc ncgotiale.cl bctwccn the 1}’1 Yl” ttnd the
l;light Team whicl) ci)strrc timely delive.ty of thal
technology for fligh[ ‘1’hc Ihrcc  ga(cs w h i c h

must bc pawed for flight acce~tance aw Si vcn
t )Clow:

Cia(c. 1 ‘1’c.ch]mlogy  fka(iiorss Rc.view

Gale. 2 Key  [cchnology tlar(lw,alc/s(tfl  \\fa[c
(Ico]ollslralirrn

Ga[c 3 Sys(c I] I tlarclwarc/sof[u,arc
(Icmonstra[ion

‘1’tlc  manage.mcnt  aJ)lnoach for each (cctlno]ogy  is
dcpcnrfcnt on Itm coriseqLlcncc of that technology
failing to pass a Ieadincss  gate. I;or tllc. ]mqmse.s
of describing this a[poach, each technology is
assignccl a catcgol y ranking as shown in ‘1’able, 1.

I’atrlc  1: I’cchnology Calc~orics

- Catcg,ory ROIL’ Or C’onscqucncc  of I;ailurc
1 cchnokJ& 10 Pass Cialc. . - .--... — . . ..-—-. . . . — . . ..-..— .-. -. —- - . . . .. —. —--

[ Iisscnt  ial l’Os(pOIIc  o r  rc.(lcfinc
nlission

11 Illnrlfilllcrlull Subslituk slatc-of-thc -
art Iechnrdogy

Ill llnhancin~ My without tllc
tcchnrd~-.-.. . -.—

(Iatcgory  1 te.chnologics  arc given full flight team
]Ilanagcnmnt  oversight inclLding  status updates.
(:aleSory  II tcctlrlo]ogics a r c  given rninirnal
fl if,ht tcarn supervision, wit 11 the three-gate
sclmlLIlc set to ellstrrc that acicquatc time ml
resources arc avai]ablc to substitL]tc  all existing
technolog, y if nem.ssary. Category Ill

(i



IJlighl Technologies

Nell-lt-osi}fc ” Sitlglc-St:lj:clllltty  Ac]ostlcll

I:ig[irc  7: Im:lgc from a 1/4 Scale
;ici. OSl)Cli (~~st  ill ltgl~IId Air forcc  lliis~,

b’lori (la. Acro\l)cl I i s  tr;ivclin~  ill tlIC
tr:iil$ol]ic flow region,

I (’l L’L’{)llll ll(llIIL’illloll\ N41c[os(ll)\ystc’111 will]
I’lt)gl;lillill:ll)lc  ‘1’]w]scc,i\ct



!)iiltl  I{c(\lrll  ~lltr((’g)
l)ata Iknvnlinkcd  in MCJS
RN.(I  Sol[)rllol)  and  [’orl\J(llLl[i(  lrl:llly  I’hcmlr(l
4 Scpa[aw  l’asses (o I)ovmlink  All I)mi
l’:isscs l’ickc(l to Op[in)i?c  A\milablc l’owe!

J 44
M(3S

‘f “’,$
d

“?f .,. :.% v 437.1 Mt+z  Beacon
FICI and RC2 Tones

~ll(ta I ,OW ‘I’ca]pc  IatLIIc I .ilt]i Llm I’I ill)aty  IIal[my

I’1’(jll:ibly  tlw 1110s[ challc.aging a<)~cct of’ the
Illicl(pobe  dc.si~n is the Ieqairctrlcat (0 sar vivc
lllr scvcrc Ittai liaa [hcmml cnviroamnt, ‘I”hc
IMltctics arc likely to stay n o  v,Iar IIIct tlIaa --/R”

( ’ . ‘ 1 ’0  s u r v i v e  Itlis cxtrcaw, bollI Iitltium.
llliol~l  chlori(le :ind !ithium-carboa  IImrmfluolidc
tmltcly chclnistl ics alc lwing  consi(lclcxl.  ‘1’IIc

I])icloplt)l)c  pr iinaty t)at[m  y v.’ill t)c. clcsigaccl  f’oI a

614 V la[Ig,c ald a 3 year shelf’  Iifc. I’lle balkqy
\;’ill also have [0 wilhslancl  a worst caw 80,()()[) S
t ip, id body sll(wk cnvimnme.nt.

I ,ow lcIII[oaluIc  Iml[cry  kzhnology is CXtI-CIIICly
u s e f u l  fot Mar ~ Iandcrs aad IOVCIs  as WC.11  a~
othcl- (imp spdcc m i s s i o n s . II rdso tlas
u)mmctcial,  1)01),  and IX)]{ applications.

Primary Batteries

1A— — -

1 ransceiver
)

Pressure Sensor

(1
k’igurc 9: Afllm(ly  tCC]lIIOIO~J’

accommo(lal ion.

l’ow~r  hlicroclc~ll-t)llics:  _  MixcJ l)igilal  aad
Analog  ASICS

‘1’hc micropobc  power coatrol, ]c.galation,  aIKl

dislribatioa  will be opmdtd via ]I)icrc)clc.c(ro[lics
tl]a(  usc  ]]lixed digital/analog ASICS. h~i XC41
dig,ital~~nalog  ASICS rcprcscnt a n  cxcitiag
cx[cnsioa  of thr llli]]iat~]riz,atioll achicvc41 by the



(iigit:il c.lcclmnics  i n d u s t r y  i n  (IIC last quarlcq
ccnlury. ‘1’his  power syslcm will usc CN4[)S
IC.ctmok)gy will] very I Ow tcmpcraturc

cxrpabili(ics.  3’his tcchno]ogy i s  usc.fL]l  fbr a
sL]ilc.  of applications including any high dcnsi(y
sc.nsor, irlstrLmmnt,  or assembly.

Mimmm!rd!cr

‘1’hc microptobcs will inclucle all 8051-based data
acquisition and control syslcm with modest data
processing capability. I’his )]}ic~occ}r]trollcr  is an
8 bit procmcrr  with  64K RAM and 128K
1 ~Iil’ROM. ‘1’hc system is designed for both very
low power (< 50 n~W at 1 M}17, 1 JnW slcxy)
lnodc) and s]nall  volume and nlfiss (< 8 cc, 30-90”
g). ~’hc nlicrocontrol]cr systcr]l will also include
an intcmal 12-bit 16 ctl:inncl analog (o digital
COIIVCIW’  (AI X). ]kcaLlsc (Ilis system has
]Iltlltifllr)c(ic)llal  applications, i[ will bc clcvclopui
and funded by a Consor(iuru  of p,ovc.rnmc.nt  and
industry p;irlicipauls. l’otcn(i:il  a]y~iicrilions  for
(his ]l]icr{)c{)r]trc~llcr include ally sinall systcm of
instrument including [nic”ropl L)(x’s, :icluat(m,  rmi
Ilcalth  and status monitors.’

P Samplo(-t{  20

f o r  t h e  ~)cnctratol” u’ill i n c l u d e .  clcctl ic:il
intclconnc.cts bc.twccn  Kaptoli Iaycrs w h i c h  am
fmnc(i with a  pa{cntc4i anisotmpic bondin~
IIm(c.rial  ma(ic. of thcr’mal g l u e  rl][itrix  w i t h
cmbcxkicd solder halls. This bonding tccllniqLlc
can withstand tcn~pcratLmc  c.xtrcmcs and call Ix
usc~i to attach surface mount par(s  using Icflow
solder. “1’his aJ>proach  provides  unpat:iilclcd
bcnrting  flexibility and c)xidation rcsistancc,  and
is apJ~licablc  to any micro sensor, assc.rnb]y, or
irlstrLlrncrlt.

blc
llncct

iUcctml]ics  h4(xiulcs. .
Flaxiblc

Intorcomocls
<-> 7’””’ l~igurc 11: Flexible lntcrconncct  for

soil
Conducl  [vii  y

Itigure 10: l~orcbo(Jy  tcchnoloxy
accommodation.

l:lcxiblc l!!tcrc.ounccls  f~r Systc!!l  Cabling

“J”lm micropmbc’s high shock ancl vibration
mvironmcnt  p]cscnts  a challcngc f o r  systcm-
Icvc.1  Jlackaging. Onc packaging aJJlmach that
will bc dcnmrwtratc{i  on ttjis mission is flexible.
intc~cor]nects  for systcm-lcvc]  cabling, Irlex is a
Kapton basczi multilaycr cjrcui~ c a r r i e r  and
infmxmncct technology. The Jlcx circuits uswl

. .
system  cal}liug.

A subsurface saruplirvg/watt.r dctulion
irls(rurncnt  has  bc.cn c h o s e n  a s  tiic ]nil]mry
scicncc ins(rutl]c.nt for the microprobrs, ‘1’hc
}I[ilnary purjmsc. o f  t h i s  ir]sllumcnt is to
dc.nmstlatc  subsurface sartlJ}ling caJ]abilily.
‘1’his  sanl~)lin~  is accornplishcci a s  so i l  f a i l s
passivc]y into thcbackcndof  the forc+ody rrrK]

into a srnal] collc.ction chamber uporl irllpact,
“1’hc scconciary Jmrl~osc of this Cxpmirncrlt  is to
detect icc and/or absorbed water in ti]c soil
co]lcctcd, with a goal of identifying IIydttitcd
rllirlc.rais. ‘J’hisis  accortipiishcci  by incre.asingthc
tmpcraturc  of the sarnJdc  in a stcJmrisc  fasi]ion
an(i mc.asuring  the water dctcctcci and sainplc
tc.rn[)cratul.c  at each itc.p. Water (ictc.ction is
accornplistkl  via a“micro I’unahic  I)iocic hscr
(1’1)1,)  sJJcc.tromc.tcr.



lncludinc (his inshumc.nt O n  (1K Micrq)lol)c
Mission dcnmns(l-atc.s  I)cr)ctra(or-t)asc<l SLIbSUI-fWC

sample collection and geochemistry capability.
‘I’hi S cxpcrimcnl  c a n  bc cxtcndcd ill flltljt c
missions (0 include quantitative analysis of water

@and other volatilcs, whie+ addrcs s high science
priorities for Mars and o[hcr platw.

Door Closure Device

\
Sample Cup

Analysis Chambet

Vigure 12: Soil sanlplc  acquisition and
water  cxpcrimcnt  drawing.

A s  a n  irnpor(ant step toward validating a
Inicroprobc  meteorological nctwolk,  this m issiorl
will jnc]ll(lc a pressure sensor on thC pl”ObC
a t-t hod y . IJcnlor]st[ a(ing a  rllclcc)l{)]c)~,i~:{l

nctwor-k is of primary scicmcc intcrcs(  for Mars,
~’e.nt>~nd  Titaa.

A silicon capacitive r))icrc)r])cclla]]  ical pi essurc
hansctuccr  will bc USCCJ  in conjunction with a
rni niat orized hybrid/h igh-g clrxtrorr~c pac~agc.
‘1’hc 20 gm sensor  wil l  nicasurc an absolu(c
Jwcssure range of O -25 mbar OVC} an operating
range of -90° C to +50° C.

‘l’W()  tcrI)l)cratllre s enso r s  w i l l  bc nloonted at
OJ qmitc cads of  the pcnctrator fcwcbody to
de.tcrrninc soil conductivity from the pcnctrator
cool ins cLuwq after “impact. ‘1 ‘his exJminvmt
validates a mass and power cfficicnt aJ~proach to
dctc.rmining  thermal J~ropcr(ics over traditional

mcthmls,  in that the su[rounrting  soil dots not
ncccl to k heated 10 obtain a tcrnpcratLlle. vs. time
profile. This  cxpcrimcnt  also rcprcscnts  an
initial step towards a ~lJanctary heat flow
e.xpcrirmnt which is of scic.ntific interest for
determining the the] inal evolution of tlw planets.

Al though penctrator  accelcrornctcrs arc not a
“new technology” Jwr SC, the aJ>plication of
accclcrornctcrs and pcnctrators  for deep space
n)issions  has not bum dcrnonstratcd  to date. At
Jcast thrm piezorcsistivc o r  pitxoclectric
acce.tclornctcrs will bc mounted i n the Mars
rnicroprobcs  and will serve two pL]rposes.  IJirst,
accclcromctcr  data will pmvidc vcrificati n of

fruar(ian  soil penetration, and characterim,s  entry
c o n d i t i o n s  (e.g. depth  of  pcnctra(ion ~~~
acceleration a[ irnpacl) for tcchnc)]ogy
vali(ia(iorls. %cond, the accclc.rormmxs  wi I I
Ill ovidc in forfnation regard i ng gco]ogical
st[atitlca(ion; Imssibly including the dcj)th to an
ice. Iaycl that is prcdictcd to c)ccut near tllc surface
and will Jwovicte. infol tnation on climate changes
on Mars.

Jiigl!-g_.~’csting

“J’hc Il)ic] oprohc.  has  a  lar~c nurnbcl-  of design
clmllengcs all of w}lich arc ~ge.atly  conpundcd
b y  t h e  higtl decclelatior~ environment d~lrin~
intpact. l’hcsc irnJ~act cne.r-gie.s arc difficult  to
rcJwodLlce  in a laboratory cnvimnmcnt. Analysis
tools afc immature. and vc.ry time consuming
with rcsL]lls  that arc hard to utilize,, 1 ‘hcrcforc,
early on the NMI) team started an cxtmsivc
test i ng pr-ograrn to verify conccJ)ts and eventual I /
qu:ilify the. flight design. )

Several test methods liave been used. I’hc
r]lajority  o f  tlm cady tcstiap,  utilinxl ai[hornc /
drops, shown in liig,urc 13. l’hc tcarn corltractcd / ’
with a sky diving organization in ~.alifo~nia
(~ity. ‘1’his type of  tes t ing provided a n
irmxpcmsivc  nlcntionwt to test concepts, where

/
$, ‘,.

Jnultip]c  units can bc. “dropped” in a sirrglc’ pass.
‘1’hc [argc,st difficulty in tl~is testing method was
locating the test articles after the. test, The test
area could cover a radius of scvc] al kilor]wtcrs.

1(J
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Iligure 13: NMI’ engineers prepare
sc,vcral test probes from airborne drops
in thr Mojave desert .

Air s,iIn  testing is an other method in which all
o f  t h e  lcsling paramte.rs  arc ccmtrollcd vcl-y
prcc.isely.  ‘t’hc.se.  tests cost a great deal more than
airborne Ics(, but yield a great more results. The
velocity of the probe is measured by big}] speed
plm[ography.  A (cst firing can bc seen in l;igLlrc

14.

I;igurc 14: 1 I igh speed photography of the aft
and forchod  y traveling at 160 m/s.

‘1’he New Millcnniun]’s M a r s  Mic.ioprobc
Mission provides an exciting demonstration of a
suite. of new tcchnologies for dec.p space surface
and subsurfac@cirlce’  networks. Networks have
bcm identified as a key scientific objective fo]
the cxl)loratiorr  of dynamic planetary systems.
“1’cchnologics  selsctcd for flight will bc dcvclopcd
by a team of J1’1, industry, academic and other
govcrmucnt  agency participants. As part of ttle
Ncw Millennium Program, the Mars Microprobe
I’rojcct will also explorti new management and
cnginccring approaches toward clcvclopi ng
incxpcnsivc., r a p i d  dcvclopmcnt, planetary
spamxaft.

I’his cfforl rcprcscnts the work c)f the. M a r s
M i c r o p r o b e  I;light Tcarn a n d  t h e  N c w
Millennium Integrami  Product I)cvcloprncnt. 4;< ////L’

\\)qcarns. “1’hc work dcscribcd here was carried out ~ ;, z, ,/., , , ~~
t ry  the Jet P r o p u l s i o n  1,aboratory,  Ca l i fo rn i a  I

(

, /)
lnstitutc  of Tcchrrology, under a contract with the f
National Aeronautics and Space Administration,

“’l’hc New h4ille.nniun] l’logram  Plan”, J1’I, 11
] 2623 (intcma]  clocLllncnt) April ]d, 1995.

‘<-l’hc  N c w  h4 il Icnni LIIII  I’rogram  ‘1’cchnolocy
Selection Pmccss I’lan”, J1’1, 1)-13361 (internal
document), January t 996.

“Sal-ah A .  Gavi[  & (icorgc.  1’owcII,  “’1’hc Ncw
M i l l e n n i u m l’rogr alll’s Mars MicmjN obc
h4ission”, 1’IOC. 21)(1 I A A  lntcrnatimlat
(lmfc]cr]cc o n  1,ow-(hst  l’ianetary Missiotis,
Johns  llopkins  I_Jnivcrsity App l i ed

}
%ysics

1.aboratory, AJril 1 6 - 1 9 ,  1996. I’aJmf IAA-1.
ogo~””
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